Objective: To estimate the prevalence of anaemia among adult non-pregnant women in the Kzyl-Orda region of Kazakhstan, and to determine the association between haemoglobin concentration and anthropometric, socioeconomic, reproductive and dietary factors. Design: A cross-sectional study using a randomly selected sample. Subjects were interviewed, and finger-prick blood samples and anthropometric measurements were collected. Associations between haemoglobin concentration and anthropometric and questionnaire data were evaluated by sequential linear regression analysis. Setting: Health centres in Kazalinsk, Djalagash and Zhanakorgan districts of Kzyl-Orda region, Kazakhstan. Subjects: Three-thousand six-hundred and twenty-five non-pregnant women aged 18 -45 y randomly selected from health centre records. Results: Iron deficiency anaemia, as reflected by low haemoglobin levels (Hb < 12 g=dl), was detected in 40.2% of the total sample. There was a significant curvilinear relationship between haemoglobin concentration and age, with the nadir of the curve in the 30 -40 y age-group. Haemoglobin concentration was found to be positively associated with body mass index (BMI) and socioeconomic factors. Significant negative associations were found between haemoglobin concentration and duration of menses, use of the intra-uterine contraceptive device and the consumption of tea. Conclusions: This study demonstrates that iron deficiency anaemia is present at considerable levels among adult women living in Kzyl-Orda region, Kazakhstan, and provides important baseline information for future research and public health interventions. Sponsorship:
Introduction
Iron deficiency anaemia has recently been ranked as the third leading cause worldwide of loss of disability-adjusted life years for women aged 15 -44 y (Murray & Lopez, 1996) . Furthermore, numerous studies have demonstrated that anaemia is not only detrimental to the health status of women themselves (UNICEF=UNU=WHO=MI, 1999) , but it can also have significant negative effects on their pregnancy outcome (Allen, 2000) , thereby having a major impact on the well-being of future generations. It is therefore not surprising that iron deficiency anaemia remains a major public health concern throughout the world, but especially in developing countries.
There are several well-established biochemical and haematological tests available for the assessment of iron status in humans (Gibson, 1990 ). However, not only are many of these tests logistically difficult to carry out in developing country field conditions, but also the interpretation of iron-related tests can be problematic in regions where there are significant degrees of confounding factors such as disease load and hereditary disorders. For this reason, it has been suggested that, even though anaemia is not specific for iron deficiency (UNICEF= UNU=WHO=MI, 1999), simple tests of blood haemoglobin concentrations can be used to assess and monitor the prevalence of anaemia at a population level (Yip et al 1996) .
This study uses haemoglobin concentration to assess the prevalence of iron-deficiency anaemia among adult nonpregnant women living in the Kzyl-Orda region of Kazakhstan. Before the break-up of the former Soviet Union, anaemia was reported to be a leading public health concern in Kazakhstan (Sharmanov, 1998) . However, the fundamental changes to all sectors of society brought about by the proclamation of independence in 1991 has heightened concern even further about the current and future health of the Kazakh population (World Bank, 1995) , thereby making anaemia prevalence studies an essential requirement as baseline information for future health monitoring.
Kazakhstan, with a territory of over 2.7 million square kilometres, and a population of 16.5 million, has one of the lowest population densities in the world. Its population is, however, extremely diverse, as a result of repeated invasions, occupations and population displacements, which have occurred since the middle of the eighteenth century (Olcott, 1995) . The country is also ecologically diverse with grasslands in the north, mountains in the east, and desert and steppe in central and southern regions. Kazakhstan is divided into 19 administrative regions, one of which, Kzyl-Orda region, was selected for this study as it borders the Aral Sea, an area of great ecological and public health interest (Micklin, 1988) .
The Syr Darya river flows through Kzyl-Orda region, and its water is used in extensive rice cultivation on state farms. Beyond the reach of irrigation, the land is essentially steppe and desert. Sheep and cattle herding farms are found here, while sheep and camel are also raised by some isolated communities in the desert. The region is experiencing social upheaval as the country embarks on a process of economic transformation. During the current phase of transition, Kazakhstan is seeing rising unemployment, wage arrears and loss of benefits in kind, deterioration in the health services and a fall in real wages as prices rise (Olcott, 1995; National Institute of Nutrition [Kazakhstan] and Macro International Inc, 1996) .
Subjects and methods

Study area
Three districts in Kzyl-Orda region were surveyed in the current study: Kazalinsk, Djalagash and Zhanakorgan. Kazalinsk is closest to the Aral Sea while Zhanakorgan is furthest away and borders on Uzbekistan.
Sampling strategy A two-stage sampling process was used to select women for the study. In the first stage, 20 -25 health centres were selected in each district from the full list of health centres, based on a probability proportional to their size. In the second stage, random samples of women were selected from the complete list of women registered at the selected health centres. The sampling frame was assumed to be complete since all women in Kzyl-Orda region were required to be registered at their local health centre.
Women who were pregnant at the time of the interview, or who had given birth within the preceding 6 months, were not included in the study. Of the eligible women selected, approximately 75% attended the interview.
The total sample covered by the survey was 4238 women aged between 15 and 45 y. The vast majority (97.9%) of this sample classified themselves as Kazakh, the remainder being Russian (0.4%), Korean (0.5%), or other Central Asian (1.2%). The current study concentrated on adult Kazakh women, and therefore only women who were between 18 and 45 y of age who classified themselves as Kazakh were included (n ¼ 3694). One further requirement, that all subjects should have a complete set of haematological, anthropometric and questionnaire data, reduced the sample slightly to a final size of 3625 women. Two rounds of data collection were carried out in the three districts, Kazalinsk, Djalagash and Zhanakorgan over three separate periods between June 1994 and August 1995. The number of women included in the current study that were covered by each of the two rounds of the survey is shown in Table 1 .
Anthropometric and questionnaire data were collected by a team of local Kazakh nurses who were thoroughly trained in survey methods before the start of each round of the study. Spot-checks were regularly carried out by the study coordinators in order to ensure the maintenance by the survey team of standard procedures.
Haematological and anthropometric data
The blood haemoglobin concentrations of the subjects were assessed in the field using portable haemoglobinometers which were checked each day using the specially prepared samples provided by the manufacturer (HemoCue Ltd, Sheffield, England). A sample of capillary blood was obtained from the middle finger of the left hand of each subject using a microlance. The first two drops of blood were wiped away to stimulate blood flow, and the third drop was drawn into a microcuvette by capillary action. Each full cuvette was carefully checked for the air bubbles and then immediately inserted into the haemoglobinometer. Although questions have recently been raised regarding the reliability of the HemoCue (Morris et al, 1999) , it was selected as the instrument of choice in the current survey as it has been shown to be extremely accurate (Cohen & Seidl-Friedman, 1988; von Schenck et al, 1986) , and for the logistic reason that it required less training, equipment and time than other haematological techniques for the measurement of haemoglobin concentration in the study sample. The prevalence of thalassaemia, a known confounder in population-based haemoglobin status surveys, was estimated among the study women using measurements of haemoglobin concentration, mean corpuscular volume and red cell count, and regression equations from the literature (England, 1989; England & Fraser, 1973 . Less than 0.5% of the study women were found to be possibly thalassaemic, and the likelihood that this form of haemoglobinopathy confounded the results of the current study was therefore regarded as small (Ismail, 1996) . There are no published data on the prevalence of thalassaemia in Kazakhstan.
The measured haemoglobin concentrations were used to classify individuals as non-anaemic, or mildly, moderately or severely anaemic. This classification was based upon criteria developed by the WHO (UNICEF=UNU= WHO=MI, 1999). Mild anaemia was diagnosed when the haemoglobin concentration lay between 10.0 and 11.9 g=dl; moderate anaemia was diagnosed when the haemoglobin concentration lay between 7.0 and 9.9 g=dl, and severe anaemia was diagnosed when the haemoglobin concentration was less than 7.0 g=dl. All individuals diagnosed as having severe anaemia were provided with ferrous sulphate tablets, and a list of their names was supplied to their local health centre.
Anthropometric measurements were collected using standard techniques (Weiner & Lourie, 1981) . Body weight was measured using an electronic weighing scale (precision 100 g) (Soehnle), which was checked frequently during the study using standard 10 kg weights. Subjects were weighed in bare feet with a minimum of clothing (no correction was made for clothing). Stature was measured using a microtoise with a moveable bar and steel tape. The subjects stood in bare feet on a flat horizontal surface with their heels, buttocks and shoulder blades touching the wall, and the head was held in the Frankfurt plane. Weight and stature were measured in duplicate by two trained assistants and the mean of the repeat measurements were used. The body mass index (BMI) was calculated as weight (kg)= stature (m) 2 . Intra-and inter-observer measurement error was assessed by calculating the technical error of measurement (TEM) of repeat measures of the weight and stature of 10 adult women (Ulijaszek & Lourie, 1994) . The intra-observer TEM of the 11 anthropometrists used in the survey ranged from 0.14 to 0.28 kg and from 0.19 to 0.34 cm for weight and stature, respectively, while inter-observer TEM was 0.08 kg for weight and 0.20 cm for stature. These TEM values fall well within the recently proposed guidelines (Ulijaszek & Kerr, 1999) .
Socioeconomic, reproductive and dietary data A detailed questionnaire, which covered areas such as socioeconomic factors, reproductive history and food patterns, was administered to the subjects by the survey team. The draft questionnaire was designed and translated into Russian in the UK. In order to check for content validity, the questionnaire was then back-translated into English in Kazakhstan by local survey staff. The questionnaire was finalised after piloting in Kzyl-Orda and minor alterations to layout were made after the first round of the survey. The questionnaire was written in Russian and was administered in either Russian or Kazakh by the survey team who were all fully bilingual. The wording of each item on the questionnaire was discussed by the team during training in order to remove any possible translation error.
The subjects were questioned regarding the ownership by their household of a checklist of 10 items (radio, television, video recorder, telephone, electric fan, sewing machine, refrigerator, gas or electric fire, bicycle, motorbike and car). An average of five different items from the checklist were owned by the households. To produce a bivariate possession score the sample was divided into those women who reported ownership of three or fewer of the items (23% of the total sample), and those women who reported ownership of four or more different items. Similarly, information on the ownership by the household of a checklist of seven different animals (horse, camel, cow, sheep, goat, chicken and goose) was collected. Women reported ownership of a mean of 2.5 different animals. A bivariate animal score was constructed by dividing the sample into those women who reported the ownership of none or one of the animals (31% of the total sample), and those women that reported the ownership of two or more different animals. Finally, the subjects were questioned as to which of a checklist of nine crops they habitually planted (carrot, beetroot, potato, cabbage, onion, tomato, red pepper, chili pepper, melon). An average of four different crops were planted by the households. To produce a bivariate crop score the sample was divided into those women whose households planted none or only one crop (35% of the total sample), and those women whose households planted two or more crops. The bivariate scores attempted to divide the sample into the lowest tercile and the highest two terciles, and were constructed to aid statistical analysis of positively skewed socioeconomic variables.
Detailed information on reproductive history was gathered including questions on the duration of menstruation, complications during child-birth and use of non-natural contraceptive methods. At the time of the survey, the intra-uterine device (IUD) was the only non-natural contraceptive method available to women in the Kzyl-Orda region.
Food-frequency questionnaires were completed for each of the study subjects, and detailed 24 h dietary recalls were carried out on 20% of the total sample (these data will be presented elsewhere). In the main questionnaire, more general dietary questions were asked on the frequency of habitual consumption of tea, fruit and vegetables, and dairy products.
Ethics
The survey protocol received ethical approval from the Ethics Committee of the London School of Hygiene and Tropical Medicine, and was approved by the Ministry of Health in Kzyl-Orda region, Kazakhstan. The study protocol was fully explained to the subjects and signed consent was obtained from each participant.
Results
A summary of the haematological and anthropometric characteristics of the total sample of women is presented in Table 2 . In total, 40.2% (1458=3625) of the sample of women were anaemic (Hb < 12.0 g=dl), with 1.2% (43=3625) severely anaemic (Hb < 7.0 g=dl). The distribution of haemoglobin concentration in the sample, shown in Figure 1 , indicates that haemoglobin concentration was slightly negatively skewed. All subsequent analyses were therefore carried out on raw and normalised haemoglobin values, but as both sets produced essentially the same results, analyses on the raw haemoglobin values have been presented in order to facilitate interpretation. Table 3 shows the mean haemoglobin concentrations by age group for women in the three study regions. The tabulated data suggest the presence of a U-shaped relationship between haemoglobin concentration and age, and quadratic curves fitted to the raw data support this observation (Figure 2) . The nadir of the curves in Figure 2 occurs in the mid-to late-thirties age group. One-way analysis of variance (and Sheffe's post-hoc test) of the residuals of haemoglobin concentration on linear and quadratic terms of age by district, demonstrated that the age-corrected haemoglobin concentration of each of the three districts were significantly different (F 2,3622 ¼ 26.7; P < 0.001).
Using sequential multiple linear regression analysis, a model was constructed which could explain 5.6% of the total variance in haemoglobin concentration in the sample. Table 4 shows that, after adjusting for the linear and quadratic effects of age and the district of residence, which together explained 2.2% of the variance, several other factors were significantly associated with haemoglobin concentration. The correlation coefficients showed that those measured in round 2 of the survey had a haemoglobin concentration that was on average 0.13 g=dl lower than those measured in round 1. The model demonstrated a highly significant positive relationship between haemoglobin concentration and BMI which explained a further 2.0% of the total variance. Of the reproductive factors entered into the model, menstruation lasting longer than 5 days, and the use of the IUD were both independently associated with lower haemoglobin values (70.15 and 70.25 g=dl respectively). Both high crop score and high possession score were associated with significantly greater haemoglobin concentration ( þ 0.19 and þ 0.14 g=dl, respectively). Haemoglobin concentration was associated with only one of the dietary factors, namely it was significantly negatively associated with the number of cups of tea reported to have been drunk per day.
To test whether this model could accurately predict which individuals were classified as anaemic using the cut-off point of 12.0 g=dl (UNICEF=UNU=WHO=MI, 1999), the variables were entered into a binary logistic regression. As expected, the model was highly statistically significant (Nagelkerke r 2 ¼ 0.059; P < 0.001), but while it was able to correctly classify 87.2% (1889=2167) of those individuals without anaemia, it could only correctly classify 24.6% (358=1458) of those individuals defined as anaemic. Figure 2 Relationship between haemoglobin concentration of women and age (quadratic curves fitted). Upper line represents Zhanakorgan, middle line Djalagash and lower line Kazalinsk. Data points omitted for clarity.
Discussion
The current study was undertaken in order to estimate the prevalence of anaemia among adult Kazakh women in the Kzyl-Orda region of Kazakhstan. Very few reliable data on the health profile of women in Kzyl-Orda region are available, and this study was therefore designed to produce baseline data for future research and public health interventions. The overwhelming ethnic group covered by the sampling procedure was Kazakh (97.9%), and therefore, in an attempt to isolate one culturally homogeneous group, only Kazakh women were included in the analysis. Among a random sample of 3625 non-pregnant Kazakh women aged 18 -45 y, the prevalence of anaemia was found to be 40.2%. While this value is substantially higher than average values found among adult females in Europe (14%), it is lower than average values found among African (48%) and South Asian women (57%) (de Maeyer & Adiels-Tegman, 1985) . The estimate from the current study is also considerably lower than contemporaneous estimates of 48.8 and 60.4% in nationwide surveys of 3684 and 4333 women aged 15 -49 y living in Kazakhstan and Uzbekistan, respectively (National Institute of Nutrition [Kazakhstan] and Macro International, Inc. 1996; Sharmanov, 1998) . In contrast, a national survey of 3767 women aged 15 -49 y living in the neighbouring Kyrgyz Republic estimated anaemia prevalence to be 38.2% (Sharmanov, 1998) , marginally lower than that found in the current study. However, all of these national surveys noted considerable regional variation, and importantly included data for pregnant women who have significantly higher iron requirements than non-pregnant women (Hallberg, 1992) . Detailed analysis in the current study demonstrated that the overall anaemia prevalence of 40.2% for adult non-pregnant Kazakh women in Kzyl-Orda region hid considerable intra-sample variation at two distinct levels: the district and the individual. At the district level, there were significant differences in haemoglobin concentration (and hence anaemia prevalence), with Djalagash having haemoglobin concentrations intermediate between the higher value of Zhanakorgan and the lower value of Kazalinsk. Although there were no consistent differences between the districts in socioeconomic or dietary factors (results not shown), there were striking socioeconomic, employment and infrastructural differences between the districts. Kazalinsk was the poorest of the districts with a rapidly deteriorating infrastructure, lack of sanitation, and water reportedly contaminated with pesticides, fertilisers and salt. In its principal town of Novokazalinsk where many people work on the railways, large-scale unemployment has recently been reported. In contrast, in Djalagash, a rice growing area, agriculture was a major source of employment. However, Djalagash has a relatively small population and consequently has few public facilities such as hospitals. Zhanakorgan, has a milder climate which permits extensive fruit production. Infrastructure, living conditions and provision of health services in Zhanakorgan are better than in the other two districts, and its proximity to Uzbekistan and the large urban centre of Chimkent may have commercially and financially beneficial side-effects (Ismail & Hill, 1996) . These differences correspond with those found in haemoglobin concentration, with Zhanakorgan being apparently wealthier and with better public facilities than either Djalagash or Kazalinsk.
At the individual level, there was an interesting Ushaped relationship between haemoglobin concentration and age, with women aged between 30 and 40 y having lower haemoglobin values than their younger and older compatriots (see Figure 2) . The shallower curve among women in Kazalinsk may have been a consequence of their generally poorer haemoglobin status. Such a curvilinear relationship was not found among the US population, although haemoglobin concentration values did rise slightly among elderly women, probably as a result of the onset of menopause (Yip et al, 1984) .
There are several factors which could possibly be the underlying causes of the curvilinear relationship between haemoglobin concentration and age. Firstly, statistically significant curvilinear relationships were found to exist between age and all three socioeconomic indices, with the nadir of the curves falling in the 30 -40 y age-group (results not shown). While it is not possible to ascribe causality to this observation, a link between haemoglobin concentration and wealth is not inconceivable, especially in the light of the significant positive association in linear regression analyses between haemoglobin concentration and two of the three bivariate socioeconomic indices (see Table 4 ). Second, the 30 -40 y age-group was the age group in which use of the IUD contraceptive device was the most common, and in which the highest percentage of women reported having had an abortion in the previous 12 months (Table 5 ). Both of these behaviours are known risk factors for anaemia, and might well be associated with the lower haemoglobin concentration of women in this age group. Thirdly, there is a strong possibility that the lower haemoglobin concentrations of these women are a reflection of the effect of repeated pregnancies leading to progressive depletion of iron stores.
In sum, these results would suggest that the 30 -40 y age group was one in which women were nutritionally vulnerable as evidenced by their low haemoglobin concentrations. This finding is in agreement with the classic observation that, in high-fertility under-developed communities such as the current study sample, the period 15 -20 y after marriage (ages 36 -41 in Kzyl-Orda region) is a time of greatest nutritional vulnerability, when the energy needs of a family are at their highest (Pacey & Payne, 1985) . The study women had a mean stature of 158.7 cm and a mean BMI of 22.8 kg=m 2
. These values are very similar to those of the random sample of non-pregnant Kazakh women aged 15 -49 y measured in the national survey (stature ¼ 157.5 cm; BMI ¼ 23.5 kg=m 2 ; National Institute of Nutrition [Kazakhstan] and Macro International, Inc. 1996) . However, the BMI distributions of the two samples appear to be slightly different. While a similar percentage of women in both surveys were defined as underweight (BMI < 18.5 kg=m 2 ; Ferro-Luzzi et al, 1992; current study ¼ 9.8%; national survey ¼ 11.0%), the proportion of women defined as obese (BMI 30.0 kg=m 2 ) in the current study was only half that of the national study (6.0 vs 10.9%). Thus, Kazakh women in Kzyl-Orda region were less prone to obesity than Kazakh women nationally; supporting a conclusion of the national study that there was significant regional variation in energy balance in Kazakhstan (National Institute of Nutrition [Kazakhstan] and Macro International, Inc. 1996) .
The model constructed in the linear regression analysis was only able to explain 5.6% of the total variance in haemoglobin concentration. However, even studies which have included detailed dietary variables in regression analyses have explained similarly low amounts of the variance in total haemoglobin concentration (eg 13% in Brussaard et al, 1997; 3% in Galan et al, 1998) . This suggests that the regulation of iron in the blood is controlled by factors which cannot be quantified using straightforward survey techniques, and furthermore, may be too complex for there to be clear statistical relationships between iron intake and physiological body iron status.
Two of the reproductive health variables were statistically significant in the regression model, namely use of the IUD, and menstruation for more than 5 days. However, these variables are related, since use of the IUD has been repeatedly shown to be associated with prolonged menstrual duration (Galan et al, 1985; Soustre et al, 1986) , and in the current sample, women who reported the use of the IUD were significantly more likely to report menstruation durations of greater than 5 days (Table 6 ; w 2 ¼ 34.6; P < 0.001). Both of these variables have been shown to be associated with decreases in haemoglobin concentration (Guillebaud et al, 1976) , and were shown in the current study to be independent risk factors for iron deficiency in menstruating women (see Table 4 ).
It has long been known that tea has a negative impact on the absorption of non-haem iron in the diet (Disler et al, 1975; Rossander et al, 1979; Hallberg & Rossander, 1982) , and some studies have shown a negative correlation between tea consumption and haemoglobin (Merhav et al, 1985) or serum ferritin (Galan et al, 1985) concentrations. However, other studies have found the relationship to be ambiguous (Brussaard et al, 1997) or non-existent (Soustre et al, 1986; Galan et al, 1998; Root et al, 1999) . In the current sample, even though tea intake was measured crudely as the reported average number of cups of tea consumed per day, a significant negative association was found between tea intake and haemoglobin concentration. Given the imprecise nature of the dietary information used in this analysis, this result requires verification.
One final factor which was significantly associated with haemoglobin concentration in the linear regression analysis was the survey round. Those women who were measured in round 2 had significantly lower haemoglobin concentration than those measured in round 1. The random nature of the sample makes it unlikely that this difference was caused by sampling bias. While the possibility exists that the difference was caused by seasonal factors, as the surveys were completed at different seasons of the year, there is also an alternative hypothesis. It is possible that the lower mean haemoglobin concentration in round 2 of the survey was the result of the deterioration of living conditions observed throughout Kazakhstan over the period (European Bank for Reconstruction and Development, 1994 National Institute of Nutrition [Kazakhstan] and Macro International, Inc. 1996) . Unfortunately, the socioeconomic data collected in this survey were not sufficiently detailed to support the anecdotal observation of apparently inferior conditions in round 2. However, the possibility that changes in living standards were reflected in changes in haemoglobin status supports the suggestion (Yip et al, 1996) that measurements of haemoglobin concentration are a feasible and sensitive method to assess the iron status of populations.
